Using Eq. 3.9 with shell corrections from Bichsel, the Barkas correction according to Ashley et al. (1972 Ashley et al. ( , 1973 , and the Bloch correction, I -values have been extracted for a large number of elements from 22 experiments. The data are mainly for protons with energies;:::5 MeV, so that the value of the correction term x = C/Z + 0/2 -ZLI -z2L 2 is, in general, small compared to the stopping number (see Table 3 .3). The measurements that were analyzed are listed in Table  4 .1. The deduced I -values and their uncertainties are given in Table 4 .2. The uncertainties have been calculated according to Eq. 3.11, combining quadratically (a) the experimental uncertainties, and (b) an assumed 10% uncertainty of the correction term x.
Several of the experiments listed in Table 4 .1 provide stopping-power ratios relative to a reference material. Burkig and MacKenzie (1957) and Nakano et al. (1963) measured stopping-power ratios relative to aluminum. We have interpreted these by assuming the stoppingpower for aluminum to be that calculated with an 1value of 166 eV as obtained by Shiles et al. (1980) from dielectric data. Bakker and Segre (1951) and Thompson (1952) give experimental stopping-power ratios with respect to copper, which have been analyzed assuming an I -value of 322 e V for copper, consistent with various other experimental results. Nordin and Henkelman (1979) give experimental stopping-power ratios relative to liquid water, which have been analyzed assuming for water an I -value of 75 e V derived by Ritchie et al. (1978) and Ashley (1982a) from dielectric data. The measurement uncertainties entered into Eq. 3.11 have been augmented to include the uncertainties of the calculated stopping powers of the reference materials.
The experimental results of Thompson (1952) were also analyzed relative to water instead of copper, and those of Nordin and Henkelman (1979) relative to aluminum instead of water. This changed the deduced 1values by only a fraction of 1 %, and an average of the values with the two reference materials was taken. The I -values from the experiment of Bakker and Segre (1951) , when analyzed with respect to aluminum instead of copper, changed significantly, and both sets of 1values are given in Table 4 .2.
The final choices of mean excitation energies for elements were made as follows. (a) For the gases H 2 , He, N2, O 2 , and Ne, the information from semi-empirical dipole oscillator-strength distributions was judged to be more accurate than that from stopping-power data, and I -values were selected from those given in Table 3 .1. (b) For aluminum, the value I = 166 eV was used as derived by Shiles et al. (1980) from dielectric data; this value is also supported by the results of several stopping-power measurements. (c) For other elements, 1values were selected by taking into account the results from stopping-power and range experiments collected in Table 4 .2. The available information is, in most cases, Table 4 .1 [For the references marked (*), the I -values and their uncertainties are those given by the experimenters. In all other cases, the I -values have been obtained by the method described in Section 4 of the text. In some cases, as indicated by footnotes, the I -values have been deduced as values relative to the assumed I-values for one or more reference materials. The quoted uncertainties were estimated according to Eq. 3.11, taking into account the measurement uncertainties as well as an assumed 10% uncertainty of the correction term b Relative to Cu (l = 322 eV). c Relative to Al (l = 166 eV). d Average of results relative to Cu (l = 322 eV) and H20 (l = 75 eV). e Average ofresults relative to Al (l = 166 eV) and H 2 0(l = 75 eV). f Relative to H 2 0 (l = 75 e V).
g From preliminary stopping-power data of Ishiwari, Shiomi, and Sakamoto (private communication, January 1982). good enough to specify I -values accurate to a few percent. I -values have also been estimated for elements for which no experimental information is available. Following Andersen and Ziegler (1977) , this has been done by imitating the local Z -dependence as predicted by the results of calculations done in the local-plasma approximation (see Fig. 3 .2). The following interpolation scheme was used. Denoting calculated I-values by Ic(Z), experimental values by I(Z) and interpolated values by Iint(Z), we have assumed that
where Zl and Z2 are the closest atomic numbers, with experimental I -values, that bracket the atomic number Z of interest. If Z, ZI, and Z2 pertain to gases, the required values of I c are taken from the results of Chu and Powers (1972) obtained with free-atom wave functions; if Z, ZI, and Z2 pertain to solids, the values of Ic are taken from the results of Ziegler (1980) obtained with solid-state wave functions (the version indicated by Ziegler as first-order solid with continuous interstitials).
The value, 1== 700 eV, listed in Table 3 .1 for radon, obtained by Bell and Dalgarno (1965) by a "M(n) fit" (see Section 3.1), is expected to be inaccurate because of a numerical error in the momentM(-l) and because of neglected relativistic effects. The adopted value, I == 794 e V, was estimated by extrapolating the ratios I (Z) I I c(Z) for rare gases to Z == 86. Table 4 .3 gives the adopted I -values, and the corresponding ratios liZ, for all elements. The estimated uncertainties of the I -values are given only for experimentally-based I -values. These uncertainties are intended to take into account both the uncertainties of individual experimental results and the scatter of the results from different experiments. lO The interpolated I -values are enclosed in parentheses. To indicate the non-smooth Z-dependence of the adopted mean excitation energies, a plot of l/Z us. Z is shown in Fig. 4.1 .
The physical significance of the Z -dependence due to the electronic structure of atoms has been discussed in detail by Inokuti and Turner (1978) and by Inokuti et at. (1981) .
As a check on the acceptability ofthe adopted I -values and correction terms to the stopping-power formula, we demonstrate in Figs. 4.2 to 4.5 that close fits are obtained to a large body of experimental stopping-power data. Comparisons are made in terms of the ratio of the 10 The uncertainties of the I -values in Table 4 .3 are figures of merit, arrived at by subjective judgments, and with a meaning that is not easily defined. One possible interpretation would be the following. If, in the future, the measurement accuracy and theoretical analysis were to be sufficiently improved so that I -values could be determined with an accuracy an order of magnitude better than at present, we expect that for perhaps 90% of the cases in Table 4 .3 the future 1values would lie within the limits of uncertainty given in this report. The reader who wishes to follow the recommendations of CIPM (1981), also given in Giacomo (1981) , should consider the uncertainties given in Table 4 .3, Table 5 .3, and later in Section 12.1 as "overall" uncertainties, and could convert them to "standard deviations" by multiplying them by a factor of about one half. 
